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E‘“"“"*"“""-'-"'“‘“HE pressure of the blood within its system of circulation
R has always been one of the major physiological mani-
E T festations. of health and of disease. Knowledge of the
K Al behavior and significance of this pressure was, for long,
E.-_-,.-_-..-_n..-_n..-_s,,a_n.ﬂ slowly accumulated; and its development depended upon
the evolution of certain techniques. The common clinical method of
measuring the blood pressure by a mercury manometer and a stethoscope
over an artery is a comparatively recent procedure, in fact more recent
than clinical electrocardiography. A few remarks on its evolution may
be of interest.

Though the circulation of the blood was established as fact by
Harvey in 1628; and the pressure of blood in the circulation was shown
in a measurable way by Hales in 1733; and the use of a manometer
using fluid, either water or blood and later mercury, was well-known
and employed in physiological circles in the latter half of the Nine-
teenth Century, the clinical technique did not evolve until after the turn
of the century, and did not become widely used until thirty years ago.
Yet, the art of simple palpation of peripheral arteries has undoubtedly
existed as long as the art of medicine; the ancient physician, one can
justifiably suppose, made crude but often significant deductions on the
tension of the arteries, even before he realized the nature of the circula-
tion of the blood. The exact formulation of such observations awaited
the use of instruments of precision and a technique for their application.
Janeway* expressed aptly this historical point when he wrote, “that the
blood exerts pressure upon the vessels through which it circula‘es is,
of course, a necessary corollary of the fact that it flows; but more than
a hundred years elapsed before Harvey’s discovery of the circulation

was followed by Hales’ demonstration of the blood pressure in 1733,
and a second century before its accurate study was begun.”

[L]-LT-AT-4]

* Read November 13, 1940 in the Section of Historical and Cultural Medicine of The New York
Academy of Medicine,
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My purpose in this paper is the history of the concept of sphygmo-
manometry and of the introduction of its various techniques into clinical
medicine; the development of the instruments has been considered else-
where.»? There are four techniques for measuring the blood pressure;
in historical order they are: the method of palpation, first without, later
with, the use of a manometer; the method of direct measurement; the
method of recording the oscillations of the pressure; and the method of
auscultation.

Simple palpation, without doubt, has been an old natural procedure.
It became of more value with the use of a manometer for recording the
pressure necessary to obliterate the pulse, of which I shall say more
later.

In 1733, Hales® introduced the technique of direct mensuration by
placing a tube in the artery of an animal and obtaining the height to
which the blood flowed, a procedure still employed widely today in
modified form and primarily for physiologic investigation. Yet a cen-
tury elapsed before the accurate study of the blood pressure began, as
Janeway pointed out, with the introduction by Poiseuille* in 1828 of
the device of mercury in a U-tube. This procedure separated the obser-
vation of the blood pressure from the difficulties of large and unwieldy
apparatus and provided the convenient facilities of a small instrument.
Also, with the use of an anti-coagulant substance, sodium carbonate, to
keep blood from clotting in tubes, Poiseuille made prolonged experi-
ments possible.

Twenty years later, in 1847, the second major advance in accurate
study was initiated by Ludwig® with the invention of the kymograph.
Its application to indirect measurement of the blood pressure by the use
of a pelotte placed over an artery and connected with a manometer and
thereby dispensing with puncture of the artery, was suggested in 1855
by Vierordt;® but his apparatus was unreliable as well as cumbersome,
and the results too variable. According to Brim,” the device of Vierordt
had been suggested by Herisson in France twenty years previously. But
‘Herisson’s apparatus did not have the kymographic attachment; and,
failing to become an established instrument, it did not spread the con-
ception of a new clinical procedure. The kymographic technique, though
still using direct puncture of the artery and, therefore, restricted to
measurement on animals, provided permanent records, permitted more
objective observation and, with various modifications, afforded a wide
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play for physiological study. From the work of this time, especially by
Marey,® the manometric value of the pressure necessary to obliterate the
pulse wave was shown to be a valuable criterion for measurement of the
blood pressure. However, a suitable technique and accurate instru-
ments for indirect measurements had not been developed. Sphygmo-
manometry had not yet become adaptable to man. It began to be so
with the device of von Basch,” introduced in 1876. von Basch’s impor-
tant contribution consisted of eliminating the direct puncture of the
artery and the direct registration of the blood pressure by a column of
fluid; instead, he used a bulb or pelotte at the end of a manometer to
compress the artery of an extremity so that the wave of pulsation could
be gradually eliminated and allowed to return. He introduced two new
and fundamental principles; one, the pressure against the extremity and,
therefore, the artery could be supplied by a bag containing fluid for
compression; and, two, the connection of a mercury manometer to the
bag would record the pressure necessary to compress the artery. In
accord with these principles, a number of instruments were devised by
von Basch, Marey *° and others. The chief modification by the former
was the introduction of a portable metal manometer. More flexibility of
use came in 1889 when Potain'! replaced water with air for compression.
His apparatus consisted of a bulb which was placed over the artery and
inflated by a second bulb; the pressure was recorded in a portable metal
gauge. Again, various modifications, such as by Mosso' to register
the pressure in the fingers, and by Hiirthle,”® were made in the device,
using air for inflation, but the ins:ruments were too complex for general
medical use.

Though more easily performed, sphygmomanometry still remained
unsatisfactory. The simpler apparatus gave erroneous results; the more
complicated ones were too cumbersome. Furthermore, the von Basch-
Potain procedure recorded pressure against the more solid tissues of the
arm, as well as pressure directly on the artery.

In 1896, Riva-Rocci™ reported a convenient and more accurate de-
vice, on which the modern procedure depends. The method relied
upon circular compression of the extremity. In his arrangement, a rub-
ber bag was made to encircle the arm and was inflated by a rubber bulb,
pressure from the arm band being registered in the manometer. The
artery, therefore, was compressed at right angles from all sides equally,
and the application of pressure on non-arterial tissues only was avoided.
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Riva-Rocci originally used an armband § cm. wide, which was the
source of some error. Being narrow, it depressed the tissues at an angle
and pressure was recorded against the upper and lower shelf of tissues,
as well as against the artery. This source of error was eliminated by the
use of a band 12 or 15 cm. wide, the advantages of which were demon-
strated by von Recklinghausen'® in 19o1, and a few years later by
Stanton,'® Erlanger,'” Erlanger and Hooker,' and Janeway.!

Up to this time, the major criterion for the presence or absence of
the pulse wave beyond the constricting band was palpation; palpation
gave an accurate enough clue to the systolic or maximum level but did
not indicate accurately the diastolic level and, therefore, the mean and
pulse pressures. Furthermore, it required a trained sense of touch to ap-
preciate the ebb and flow of the pulse wave. The oscillatory or visual
method of taking the blood pressure with the air pressure cuff and
manometer lessened the subjective error inherent in the palpatory tech-
nique but it was not a procedure adapted to rapid and accurate clinical
work. The method depended upon the oscillations transmitted to the
fluid in the manometer as the pulse wave came through the compressed
artery; the appearance of definite oscillations denoted the first or systolic
pressure, the change from large to small oscillations, the diastolic pres-
sure. A variety of instruments, such as by Hill and Barnard,® von
Recklinghausen,'® Potain,*® Erlanger,'” and Janeway,! were soon pro-
duced on the Riva-Rocci principle; they relied on the oscillatory as well
as the palpatory method and employed either the mercury or the aneroid
manometer. By devising an apparatus with a needle pressure gauge
primarily for measuring the diastolic pressure shortly after Riva-Rocct’s
report, Hill and Barnard" in England assisted materially in this period
of advancement in clinical sphygmomanometry. Also, the more special
instrument of Erlanger,"” employing the kymograph, provided not only
accurate but written records of the oscillations of pressure in the air-
pressure cuff as it affected the pulse wave. These instruments made pos-
sible investigations'® which established the value of both maximal or
systolic and minimal or diastolic readings in the clinical appraisal of
blood pressure.

The final step, however, which allowed full scope to, more accurate
observation in, and a standardized technique for clinical sphygmoma-
nometry came in 19os with the introduction of auscultation, devised
and reported by Korotkoff.**
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I have taken particular interest in seeking the original reports of
Riva-Rocci and of Korotkoff. Their articles were in journals of limited
circulation. They have not been fully reported in English, and biblio-
graphic references are often made inaccurately. I was able to find the
original copy of Riva-Rocci’s report and that of Korotkoff through the
courteous assistance of three gentlemen—Dr. Archibald Malloch, li-
brarian of The New York Academy of Medicine; Mr. Paul North Rice,
chief of the Reference Department of the New York Public Library;
and Colonel Harold W. Jones, librarian of the Army Medical Library,
Washington, D. C. According to the Union List of Serials, the only
issue of the journal containing Riva-Rocci’s report known to be in li-
braries in this country is in the Army Medical Library, and the only
available issue containing Korotkoff’s report is in the Slavonic Division
of the New York Public Library.

Riva-Rocci’s report was given under the following title: “Un nuovo
sfigmomanometro,” Gazetta medical di Torino, 47: 981-996 (no. 5o,
Dec. 10); and 1000-1017 (n0. 51, Dec. 17), 1896. I should like to give
a summary of a translation* of his report.

Riva-Rocci first recorded the purpose of his research on arterial
pressure and then set forth the simpler aspects of hydraulics involved.
He gave a fairly voluminous review of the literature and described the
three types of the von Basch sphygmomanometer available commercially
at the time. He preferred the first, or mercurial, model completed in
1881, to the non-mercurial manometer produced in 1883. Riva-Rocci
adopted a modification of von Basch’s instrument, which was similar to
that proposed in 1881 by Rabinowitz, of which Riva-Rocci was not
aware. Riva-Rocci’s instrument was a “sphygmomanometer likewise
based on the principle established by Vierordt and improved on by
Marey and von Basch in ‘urn. In other words, it is an instrument affect-
ing manometric measurement of the force necessary to impede the pro-
gression of the undulation of the pulse. Sphygmomanometry is then
applied to one of the large aortic branches, to the humeral. Since the
humeral is the direct continuation of the axillary (since the region con-
tains no collateral large enough to be considered as a branch of the bi-
furcation), the measurement gives the total charge of a point fairly
close to the aorta or, if you like, of the charge of pressure either in the
aorta itself (if the left humeral is concerned) or of the brachio-cephalic

* Translations of the articles of Riva-Rocci, Korotkoff, and Krilov were obtained through the facili-
ties of the Library of The New York Academy of Medicine.
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trunk (if the right humeral is concerned).” Riva-Rocci considered that
his instrument was easy to apply, rapid in action, precise, and innocuous.
It was composed of two parts, one for exerting pressure, one for measur-
ing the pressure exerted. The compressor apparatus was represented by
a tubular “muff” with walls soft, non-extensible, and impermeable to
air. It consisted of a rubber tube 4 or 5 cm. in diameter, lined with a
cloth sleeve to prevent undue dilation of the tube. One end of the tube
was open, while the other was attached to a piece of metal made in two
parts. The patient’s arm was tested with this tube plus an insufflator.
The intercalation of a manometer revealed the pressure on the “muft”
at all times, and hence the pressure exerted on the arm.

Riva-Rocci s:ated: “The most reliable manometer is still the mer-
cury manometer, but it is necessary to facilitate its reading by adopting
a single branch, as in the manometers of Marey and of Frangois Franc,
and the original model of von Basch. In order to render the apparatus
casier to handle and transport I, too, have adopted the metal manometer.
So far, I have been able to obtain only the holosteric kind, since the
aneroid kind is of more delicate construction.”

In order to prove that his instrument really measured the total charge
of the arterial pressure, Riva-Rocci made a number of experimental ob-
servations, one series with artificial circulation inside rubber tubes, an-
other with the cadaver arm, and a third with animals.

In the succeeding decade, clinical sphygmomanometry for the first
time became a domain of increasing interest and of valuable applica-
tion in the study of health and of disease in man. Considerable and
fairly exact observations and deductions were carried out by physiolo-
gists such as von Recklinghausen, Hill, and Erlanger, and by clinicians
such as Janeway. But the procedure and its interpretation were confined
to a relatively limited medical group.

The opportunity for its wider application was soon offered. In 1905,
Korotkoff2! in Russia reported that by placing a stethoscope over the
brachial artery at the elbow below the air-pressure cuff, sounds of the
column of blood which flowed into the artery on release of the pressure
became audible. Korotkoff’s observations were given at a meeting of
the Imperial Military Medical Academy in St. Petersburg, December,
1905 and reported in the bulletin of the Academy, “Izvestiya Voenno-
meditsinskaie Akademiia,” page 365. The original report occupies only
a portion of one page in the bulletin, with the title: “On methods of



Clinical Spbygmonanoinetry 877

studying blood pressure (from the Clinic of Prof. Feodoreff).” A trans-
lation in full reads:

“On the basis of his observation, the speaker came to the conclusion
that a perfectly constricted artery, under normal conditions, does not
emit any sounds. Taking this fact into consideration, the speaker pro-
poses the sound method for measuring blood pressure on human beings.
The sleeve of Riva-Rocci is put on the middle third of the arm; the
pressure in this sleeve rises rapidly until the circulation below this sleeve
stops completely. At first there are no sounds whatsoever. As the mer-
cury in the manometer drops to a certain height, there appear the first
short or faint tones, the appearance of which indicates that part of the
pulse wave of the blood stream has passed under the sleeve. Conse-
quently, the reading on the manometer when the first sound appears
corresponds to the maximum blood pressure; with the further fall of
the mercury in the manometer, there are heard systolic pressure mur-
murs which become again sounds (secondary). Finally all sounds dis-
appear. The time of the disappearance of the sounds indicates the free
passage or flow of the blood stream; in other words, at the moment of
the disappearance or fading out of the sounds, the minimum blood
pressure in the artery has surpassed the pressure in the sleeve. Conse-
quently, the reading of the manometer at this time corresponds to the
minimum blood pressure. Experiments conducted on animals gave posi-
tive results. The first sound tones appear (10-12 mm.) sooner than the
pulse which (l. ar. radialis) can be felt only after the passage of the
major portion of the blood stream.”

This was the complete report. It may be of interest to record the
discussion at this meeting. It was as follows:

Dr. An. N. Ivanov: How do you explain the origin of the sounds below
the sleeve in the beginning and in the end of the examination?

The Speaker (Dr. Korotkoff): In this instance, the pressure in the sleeve
is near the minimum pressure in the artery but still in the sleeve it is
greater; with the blood stream slipping through, the walls of the vessel
separate and give a short, flapping sound.

Dr. lvanov: What difference did you observe between the minimum
and maximum pressure in the brachial artery?

The Speaker: The differences varied greatly, but with a 25-35 mm.
norm and higher.

Dr. B. G. Bojovski: If I understood correctly from your very interesting
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report, you ascribe the origin of the sound phenomena in your simple
experiment to purely local causes. The mechanism of the origin of mur-
murs is understood and does not need any explanation, but as to the
development of sounds on the spot I cannot at all agree with you. Your
explanation of the origin of sounds below the sleeve as a result of the
sharp fluctuation in pressure, with all its appeal, cannot be considered
the most important or possibly the only source of the sounds in the
circulatory apparatus—the heart. Sounds which can be heard in some
more or less large vessels are, no doubt, transmitted along the blood
stream, which quite easily conducts these sounds from the closing of
the semilunar valves of the aorta. In the nearest to the heart vessels, if
they are intact, we hear the systolic tone after the closing of the valves;
and in case they are damaged and inadequate, this tone becomes a mur-
mur both in the aorta and in the vessels, for instance in the jugular and
in others. Both the tone and the murmur are considered as conducted
and not as local. Below the sleeve you cannot hear any sounds when the
sleeve compresses the upper arm, probably due to the complete con-
striction of the brachial artery. In experiments on animals you did not
hear anything even when the first drops of blood began to appear from
a cut strip of artery with the diminished pressure in the sleeve. The
sounds, the murmurs, and then again the sounds you perceive as soon
as the flow of the blood begins, so to speak, to become pronounced,
ie., when the blood wave becomes so large that it becomes capable to
conduct those sounds which originate in the heart. Your assumption of
a local origin of the sounds in the vessels presupposes, one must say,
active forces. Apart from the smooth musculature, we don’t know of
any active force in the blood vessels. And there is too little, or even
complete absence, of it in such a vessel as the brachial artery to ascribe
to it the origin of sounds in the vessel. Secondly, the time of develop-
ment of sounds in your experiments coincides with the diastolic of the
vessel, and such a state must be regarded as passive and not active. Be-
sides, the blood pressure, by the fluctuations of which you are attempt-
ing to explain the reasons for the sounds, is in itself a complex concep-
tion. Apart from a certain tension of the blood vessels, blood pressure
and its fluctuations in either direction is produced by the energy, by the
force of the heart contractions. In view of the above, it seems that, even
if there were any foundation for a discussion of the local origin of
sounds in the blood vessels, it would still be impossible to deny their
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origin in the heart. For the present, I repeat, this is their only source.
The Speaker: First of all, I must say that the sound-tone in this instance
is nothing else than the same compression murmur, however of such a
short span that it is perceived by the ear as a sound-tone; indeed, the
squeezing through of a minimal part of the pulse wave takes place in
such a short interval of time (a fraction of 1 second) that it would be
amazing if such a forcing would produce a murmur. But I also have
reason to assume that the separation of the walls of the constricted vessel
also takes part in the production of the sound-tones. Should we allow
that the tones originate in the heart and are conducted, then the most
favorable conditions for the transmission of these sound-tones should
be the absence of any pressure on the pulse wave, i.., listening to an
artery which is not compressed, we should hear the sound-tones; how-
ever, under normal conditions this is not observed. Finally, the complete
disappearance of the sounds with the complete constriction of the open-
ing in the vessel also speaks against the fact that the sounds are trans-
mitted instead of being of local origin.
Dr. 1. P. Shapovalenko: The occurrence of murmurs and sounds under
the gradual compression of an artery with a stethoscope has long been
known. In your experiment, there was a gradual opening of the com-
pressed artery and the sound phenomena, naturally, occurred in the
reverse order, and there was noticed also a weak sound following the
appearance of the murmur. Judging from your experiments on a dog,
the first sound prior to the murmur appears after the passing of the first
drops of blood through the compressed artery, much sooner than the
detection of the pulse in the art. radialis and, therefore, with the appear-
ance of the first sound it is possible, of course, to determine the blood
pressure more accurately with the Riva-Rocci apparatus than through
the pulse.
Dr. N. 1. Kulbin: There was no agreement on the theories. Some are
inclined to explain the origin of the sounds differently than Dr. Korot-
koff. Of course, the subject cannot be considered exhausted. How ap-
plicable is your method?
The Speaker: 1 worked with normal vessels. Possibly in pathological
cases these sounds are produced by the vessels themselves.”

In issues of the same journal in the next year, 1906, under the title
of, “On measuring the blood pressure with the sound method of Korot-
koff,” there are extensive observations by D. O. Krilov? on the origin
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of the Korotkoff sounds. From numerous experiments, which are fully
described and graphically shown, Krilov concluded that the sounds
were produced by the fluctuating or centrifugal movement of the blood
particles and the simultaneous vibration of the wall of the vessel. In con-
sidering the conditions under which these phenomena arose, he discussed
but could provide no definite knowledge on the speed of movement of
the blood. He described all the influences which affect this speed,
namely, the passage of the pulse wave, the degree of vessel compression,
the rate of flow and the volume of blood passing through the place of
constriction, the height of the pulse wave, the pressure in the vessel, the
condition of the walls, and the caliber of the vessel and, to some degree,
the specific gravity of the blood. In view of the different combinations
of these factors and the variation in their effects, he considered that
they are responsible for the variety of sound phenomena observed. All
attempts, he stated, to estimate the normal speed of the blood flow were
futile; if the Korotkoff method did not permit the measurement of the
speed of the blood stream, it had at least made it possible to estimate the
fluctuations of this speed, which had diagnostic and prognostic value.

The Korotkoff technique became rapidly accepted and gradually
widely used. Impetus to its widespread use came from the experiments
of physiologists, from the actual practice and precepts of able clinicians
such as Janeway, from instruction in medical schools, and from the
requirements of insurance companies. Though considerable study of the
last several years has been given to the pathological state of the blood
pressure, and though various reports have again been made on the in-
terpretation of the various sounds, especially the diastolic reading, the
original remarks of Korotkoff and his colleagues remain tenable, a tes-
timony to the high caliber of their physiological thinking.

Clinical sphygmomanometry, now available in general medicine, be-
came the source of two important contributions to medicine. It increased
gradually the knowledge of the state of the blood pressure in health
and disease. More importantly, one may believe, it facilitated the general
spread of physiological concepts; it helped to develop the appreciation
of the historical course of disease by focussing attention on distur-
bance in function rather than in morphology; and, along with clinical
thermometry, it led to more precise and accurate thinking in clinical
medicine.
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